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Abstract 
Die pressing and sintering processes are used in the fabrication of fuel with minor actinides. Perfect cylindrical sintered 
pellets must be directly obtained by the current processes with take into account the slight heterogeneities of the density, 
which ones are present in the green body as a result of frictional forces between powder and die. FEM of the compaction stage 
has been used to simulate the die pressing stage of nuclear oxide powders and to predict the green density distributions. An 
ejection method with or without profile correction in the die has been used to removing the die radially.  
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1. Context and objective of the study 
Fuel pellet manufacturing with minor actinides by remote handling in hot cells requires simple, effective 
operations and strong technologies. Rejects must be minimized, which is harder with higher and higher actinide 
concentrations. The process of pellet shaping is well known from the literature [6, [9, [10]. It is generally carried 
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out by uniaxial cold compaction in die to obtain green pellets (rough pellets from the pressing) with a density 
about 65% of the theoretical density (th.d). This shaping is then followed by a sintering operation which enables 
the density to reach 95% of the th.d. At present, the pressing technology used in Atalante hot cells is based on a 
manual process with a radial opening die, compared to the conventional process of a floating die where a 
downward movement of the die, enabling the ejection of the pellet, occurs. Another process, with a fixed die, 
enables pellet ejection by the lower punch pushing with a pressure support from the upper punch. Defects can be 
present after the ejection stage if the pressure from the two punches is not coordinated, and these are generally 
revealed during the sintering stage. They can be worsened by the radiological behavior of the pellet, depending 
on the composition. The defects are dependent on the manufacturing process but also on the powder composition 
used. Different defect types appear for the sintered pellets, in particular cracks, end-capping and spalling [2]. 
Cracks can occur on the sides of pellets and be longitudinal or lateral, or happen in the ends and, for lateral cases, 
cause a "dishing" in the top of the pellets. Spalling is observed on the sides or the ends. The green pellets can 
have defects which depend essentially on the level of support pressure during the turning out. Other damage 
sources can also be identified in the process of powder shaping [3]. First, the introduction of secondary phases 
composed of hard inclusions or air pockets leads to an excessive relaxation during ejection with spalling 
occurring on the pellets, and to different wear patterns on the internal walls of the die and thus to blocked pellet 
sliding and shearing. Secondly, inappropriate press settings for compression level, pressing time, or punch 
accompanying pressure during ejection can be a source of damage.  
The mechanical stress distribution within pellets during the ejection influences the surface defects. The 
mechanical stress induced by the die can be high, in particular at the angle formed by the internal surface of the 
die when the compact is partially ejected. The stress concentrations are accentuated by the springback which 
corresponds to the volume expansion of the pellet by relaxation of the stress during the turning out. Some authors 
have used numerical simulation to estimate the mechanical stresses in pellets during the ejection. Aydin&Briscoe 
[4] attempted to determine the residual stress distributions in the cylindrical pellets. Their study showed that axial 
residual tensile stress appears at the extremities of the pellet from the axial stress relaxation stage in die 
(decompression in die). These stresses are due to the friction forces between the die and the pellet which block 
the axial springback when the pressure is released. In this study, neither the slide and release phase of the pellet 
nor the interactions with the edge of the die are taken into account, as the radial walls of the die were artificially 
removed. Jonsen & Hagglad [5] took into account the compaction and the ejection with the real kinematics of 
ejection. The distribution of the residual stress consolidated by measurements in diffraction of neutrons show that 
the edge of pellets is submitted to axial compression over a thin layer (200 - 400 Pm), and underneath this layer 
undergoes traction  over a thicker zone (600 Pm). From these two studies, it emerges that residual stresses after 
ejection, are sharply influenced by the tools shapes and kinematics of ejection. In this context, an ejection 
performed by a radial opening of the die is expected to be less damaging. For this reason, this mode of ejection is 
used is the manufacturing of minor actinide fuel pellets which is considered in this study. 
Besides, the grinding of minor actinide fuel pellets after sintering is currently avoided in order to limit the 
emission of highly radioactive dust.   As a consequence, the geometrical tolerance on the diameter is rather wide, 
of the order of +/-50 Pm around nominal values (8-10 mm). The mastery of the geometrical dimensions of pellets 
is then necessary in order to obtain "net shape" pellets. It is well established that the stage of pressing is critical 
for the shape of the pellet after sintering. For instance, when uniaxial compaction is performed, green densities 
decrease along the height of the compact from the extremity which was in contact with the moving punch. After 
sintering, the shrinkage follows the density gradient and a conical shaped pellet is formed. With two mobile 
punches, a double-conical (hourglass) shaped pellet is obtained. In die compression, the heterogeneous density is 
due to the friction forces between the powder and the wall of the die, as well as the friction between the grains of 
the powder [7, [13]. This friction effects have been extensively studied for perfectly cylindrical dies, but never 
investigated for specifically shaped die. More particularly, correction in the diametrical profile of the die could be 
designed in order to counterbalance the effect of friction. 
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 This study thus has a double objective: first, to simulate the powder shaping by finite element method with a 
focus on the radial die opening mode for pellet ejection and second, to investigate the feasibility of correction in 
die inner profile in order to produce net shaped pellets after sintering. This is the subject of a CEA patent [14]. 
2. Springback and shrinkage 
2.1.  Springback effect 
According to Fourcade [7], springback induces a decrease in densification of the pellet, measurable by laser 
metrology. Hypothetically, this springback is directly linked to the elastic energy stored by the pellet, and its 
intensity is directly proportional to the density reached at the maximum pressure. He measured the global 
springback on pellets made from the same powder shaped under various pressures, and created a linear model (y
= an + b). These measurements enabled curves to be drawn comparing the density out of and within the die. 
Decreased densification induced by the springback during the slide ejection phase tends to decrease the density 
gradients. This reduction becomes greater as the model slope lowers. Physically, the slope depends on the 
elasticity of the solid material (aggregates or crystallites), in the absence of binders or lubricants. 
2.2. Gradient stresses (friction forces) 
The Janssen and Thompson model [7] is based on the physical laws of the medium continuum mechanics 
(MCM). These models are particularly well-adapted to describing the distribution of the axial stress gradients 
during the shaping of a cylindrical pellet. Janssen’s model, the so-called slice model [8], consists in writing the 
equation for the equilibrium of a slice of powder according to the following hypotheses: 
The axial stresses are homogeneous in a section of the sample, 
The friction obeys to the Coulomb’s model and the friction coefficient P remains constant on the height of the 
sample, with Wrz a stress due to the friction: 
Wrz=PVr      (1) 
The coefficient of stress transmission or flow index E enables the connection between the axial and the radial 
stresses, and is constant on the height of the sample: 
Vr=EVz          (2) 
The equilibrium of the pressures on a pellet slice with a thickness dz enables the following equation, FFig 1: 
 
F
Fig 1: Equilibrium of the pressures on a pellet slice with a thickness dz enables the following equation 
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According to the previous hypotheses and integrating the previous equation in the case of single die effect 
compression, the axial stress at a height h2 with regard to that at a height h1can be expressed. For a height h1 = h 
corresponding to the height where the stress is applied, we can write the axial stress at a height h2=z in the pellet. 
By including the higher and lower slices at the same time, it is possible to calculate the friction index PE 
provided that the applied pressure on the upper punch and the transmitted pressure on the lower punch are 
known: 
)/ln()..2/( ApplieddTransmitteHR VVPE      (3) 
The homogeneity of stress transmission within the pellet is improved by the friction coefficient decrease. In 
practice, the flow index has to remain high to favor the isotropic transmission and the reduction of the friction 
index must be mainly caused by a minimization of the friction coefficient. The friction coefficient results from 
the behavior of the powder-die interface. It is modifiable by the lubricant conditions or the state of the die 
surface. There is a link between the filling capacity of the powder and the friction coefficient. The flow index is 
intrinsic to the powder and represents the powder’s ability to transmit the axial applied stress radially. It can be 
considered to be an indicator of densification isotropy. The friction index sets the stress gradients within the 
pellet, and must be minimized to decrease the stress gradients. An apparent density increase leads to a fall in the 
friction index because of the friction coefficient decrease and an accompanying rise in the flow index. 
Consequently, a higher apparent density of the powder enables the minimization of the stress gradient while 
increasing the densification isotropy. The value of the axial stress at a height z is calculated by: 
)/)(2exp(.)( RzHz AppliedZ  PEVV    (4) 
This equation enables the representation of the mono-dimensional stress gradient inside the pellets during the 
compaction. 
2.3. Density gradient expression 
The expression of the densities is based on an empirical compressibility law which describes the evolution of 
the powder density depending on the stress applied. The Heckel law describes, for example, the UO2 powder 
behavior under high applied pressure (> 200 MPa). This simple 1D model enables the main parameters involved 
in the density gradient to be identified. However, 2D models with including a more realistic constitutive law are 
required to describe the process.
3. Description of the Cam-Clay elasto-plastic model used in the CAST3M calculation code 
During the densification process, the powder undergoes irreversible deformations. Elasto-plastic models can 
then be applied to describe this behavior. The powder, consisting of a granular medium, is considered as a 
continuous material which deforms following an elasto-plastic law, the plasticity being used to represent the 
densification. To describe the behavior of powder compaction, we consider that the volume of powder studied is 
a continuous material deforming following a law of elasto-plastic behavior. An elasto-plastic material is 
characterized by the appearance of reversible strains (elastic strains) for an applied stress lower than a given 
threshold and by the appearance of irreversible strains (plastic strains) for a superior stress applied [6, [8]. The 
load surface notion or plasticity criterion enables an indication of when irreversibilities occur and gives the flow 
direction of the plastic strains. This load surface, labelled f, is the stress threshold between the elastic and plastic 
behaviour of the material considered. This is a convex law represented in the space of the stresses ijV . In the case 
of granular material modelling by elasto-plastic models, this function evolves with the strain through a strain 
hardening variable kD represented either by the density U , or by the plastic volume strain PVH . These two 
variables are equivalent because it is supposed that the mass remains constant during the strains where: 
)exp(0
P
VkHUU  . The consolidation pressure P1 is given by a present law: 
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> @ )exp()( 11 pVinitpV kPP HUH      (5) 
By convention, P1=0.1 MPa for a density equal to the filling density.  
We can thus write: )),(),((),(),( UVVHVV D ijij
P
Vijij QPffkf   . The strain hardening enables 
mechanical characteristic changes to be taken into account, giving a modification of the elastic behaviour domain 
depending on the load history. The values given by the load function must be independent from the chosen 
coordinate system. The load function f is thus expressed depending on the invariants of the tensor of the stress 
P( ijV ) and Q( ijV ), where P is the hydrostatic stress and Q the deviatoric stress. The hydrostatic constraint P 
corresponds to the first invariant stress tensor [8]. In cylindrical coordinates, it is written: 3/)2( rzP VV  .  
The deviatoric stress Q corresponds to the second invariant deviator of the stress tensor. In cylindrical 
coordinates, it is written: rzQ VV  .  
The load function f defines the domain of elastic and plastic strain as follows: ),( UV ijf  < 0 correspond to 
elastic strain domain; ),( UV ijf = 0 elasto-plastic strain domain; ),( UV ijf > 0 is not possible stress domain. In 
the elastic domain, the behaviour is described by Hooke’s law: )
21
(
1 ijkkijij
E GH
Q
QH
Q
V



 . In the elasto-
plastic domain, two trajectories are possible, Fig 2. Loading when 0)/),(( tww ijijij df VVUV and 
0),(  UV ijdf  (consistence condition), unloading when 0)/),(( ww ijijij df VVUV . 
According to Pavier [8], several improvements have already been made to the initial model (modified Cam 
Clay, MCC). In its modified version, in order to describe the cohesion of the pellet during traction or shearing, 
the load surfaces are moved towards the negative average pressures. The equation of the load surface then 
becomes: 
))(²(²))(),(),(( 11 PPPPMQQPf
initP
Vijij  HUVV    (6) 
With M, P1init and P1 the three characteristic parameters of the powder, the constraint P1init represents the 
cohesion of the material under an isotropic load of traction. The pressure P1 represents the consolidation pressure.  
 
Fig 2: Load surface diagram, elastic and plastic domain, low and high density:  trials for load area drawing. 
This notion of load-unload is not sufficient to define the material behavior law. Corresponding to an increment 
of stresses, the direction of the plastic strain increment is also needed, and is defined by: 
ijij
P
ij fdd VUVOH ww /),(.
    
(7)
Thus, the direction of the plastic strain depends on the normal potential surface for the state of stress reached. 
The vector is said to derive from a potential. The plastic multiplier Od  is determined from the condition of 
consistency. When the strain hardening parameter is the density, it can be expressed as follows: 
,0)),(),((  UVV ijij QPdf with   )/.(/ Pfddd
P
V ww  OHUU . The plastic potentials are not easy to 
determine experimentally. The information which can be obtained relates to the total strain, elastic plus plastic, 
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and it is difficult to isolate them from each other experimentally. To mitigate this problem, the load surface is 
used as plastic potential. In order to describe the critical states closer to the reality, a solution was found by 
parametering the constant M with the strain hardening variable. The plastic multiplier is then given by the 
expression deduced from the relation of consistency (df = 0): 
))()2/(()²)2(2( 10
4
1010 kPPPMPPPdPMPPPQdQd  O   (8) 
Finally, the density increment is linked to the trace of the strain plastic tensor by: 
10
2
2
10
)(
)2(2.
kPPPM
dPMPPPQdQ
dP
df
d
d
d Pkk 
   O
U
UH     (9) 
 
During the compression, the elastic domain moves due to the increased pressure of consolidation, P1, 
following an empirical law which brings in the internal variable (density ȡ) by: 
UU /./ 11 dkPdP  therefore
kP )/( 01 UU . 
To illustrate how this model works, the changes to the load surface during compaction are examined Fig 2. 
The state 0 is the initial state of the powder at the moment filling takes place, with the initial consolidation 
density and pressure (ȡinit et P1init). As the compression increases, the compression path corresponding to the die 
compression is followed. The plastic strain increment vector PVdH
&
moves towards the increasing P, and the 
powder densifies. The load surface rises and the elastic domain increases (grey zone). State 1 is reached with 
density ȡ1. The compression is continued until the punches are at end-of-run (state 2). Then the punch pressure is 
released, leading to pellet springback. This means a return to the elastic domain, to reach state 3. The load surface 
stays the same and the density does not change. If the compression restarted from this state, elastic strains would 
be renewed to return to state 2, and the plastic strains beyond. 
The density which appears in ( > @ )exp()( 11 pVitpV kPP HUH      (5) represents 
the contribution of the permanent volume strain. It is thus slightly different from the density in load, which 
includes an elastic part. The parameters of the model (M, P0 and k) generally depend on the density of the 
material. The cohesion of the powder being very low, we impose P1init = 0. The 4 parameters of the Cam-Clay 
model (elastic parameters, the Young modulus E(ȡ) and the Poisson coefficient Qȡ)) and (parameters of plastic 
flow M(ȡ) and k(ȡ)) are extracted of the bibliography. The parameters M and k evolve with the density during the 
compression. They must be empirically identified on the basis of trials on the material. These changes are 
determined from trials on an instrumented press with a specific identification according to a methodology 
established by Pavier [8]. The values of the parameters taken into account in our study arise from Delette [1] for 
UO2 powder with: ȡ0 = 3.121 g·cm-3 (initial Density), ȡt = 10.99 g·cm-3 (theoretical density), E = 19154 MPa, Ȟ = 
0.01, P0 = 0 MPa. The evolution of the parameters M and of the parameter k as functions of the density ȡ was 
extracted from the reference [1]. The die was in tungsten carbide, with a Young Modulus E = 5.105 MPa and a 
Poisson coefficient           Ȟ = 0.24. The friction coefficient between the powder and the press elements was μ = 
0.13. 
3.1. Shrinkage taken into account after sintering 
The dimensional changes induced by sintering were simply calculated with the hypothesis that the final pellet 
density is homogeneous. The shrinkage of each part of the compact can be easily deduced from the difference 
between the local green density (previously calculated) and the sintered density by considering the mass balance,  
Fig 3: Methodology of the shrinkage calculation Fig 4: Single effect compaction in the die, showing symmetry axes, 
loading, contact and friction,  
boundary conditions, springback, shrinkage, radial open die, and 
density level. 
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. The thermal dilatation law thT HD  ' was used for the piloting shrinkage and D is calculated by: 
1)/( 3/1  sg UUD , where  Ug is a green density and tf UU .95,0 . 
  
Fig 3: Methodology of the shrinkage calculation Fig 4: Single effect compaction in the die, showing symmetry axes, 
loading, contact and friction,  
boundary conditions, springback, shrinkage, radial open die, and 
density level. 
4. Hypothesis for FEM Simulations  
The simulation by the finite element method for shaping uranium powders was carried out using CAST3M 
software. This code was developed by the CEA, and takes into account the CAM-CLAY elasto-plastic 
compaction model. This model arose from the study of soil mechanics and was extended to the simulation of 
powder metallurgy processes. All FEM calculations were performed in the frame of the 2D axisymmetric 
assumption. The process of pressing taken into account in the simulation used the single or double effect 
compaction mode. The diameter of the central needle is 1 mm. This part is not shown in Fig 4. When the die was 
opened and the punch released at the end of compression, the pellet, free of stress, relaxed like a spring. The 
elastic energy was consumed by the springback, and the radial stress of the pellet on the needle was thus 
insignificant. For the double effect compaction, the upper and lower punches move together by 5 mm, and an 
additional symmetry following the horizontal plan is taken into account. For this mode of compaction, ¼ 
axisymmetric geometry is enough (Fig 4). 
 
The pressing cycle typically consists in three main stages. During the first stage, one or both punches are 
moving, while during the second stage, compression takes place in the die and finally, the punches (or the die) 
are withdrawn. Two compaction processes exist, a single effect (one punch moving) compaction and a double 
effect one (both punches move symmetrically). The outside borders of the die cannot move. The vertical axis of 
symmetry is modelled by blocking the displacements following the radius for the double effect mode. The 
horizontal plan of symmetry is modelled by blocking the vertical displacements. The border of the upper punch is 
loaded with in displacement, and for the single effect process, the movement of the lower punch is blocked. On 
the borders common to the powder, to the punches and to the die, some contact and friction are considered. 
During the pressure holding (stage 2), the displacements of both punches are blocked. When the die is totally 
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removed (loss of contact with the pellet), punches are removed the same way, and the upper border is unloaded 
by vertical until the contact with the powder is lost.  
 
5. Results of the FEM simulations 
The FEM simulations for the compaction of uranium powders were realized in two phases. First, the 
compression without profile correction in die was taken into account. Secondly, the compaction with profile 
correction in die was studied. For all cases, two compaction processes were considered, single or double effect. 
To name the different processes of compaction, the following terminology was chosen: DE or SE for Double or 
for Single Effect, WN or WoN for with or Without Needle, WC or WoC for With or Without Correction (e.g. 
DE/WN/WoC). In this publication, only the results for SE/WoN/W and WoC are given. They are the results most 
similar to the experiments associated with but not presented in this paper. 
5.1. Compaction without  profile  correction 
Fig 5 (a) gives the Vr calculated stress in the mesh structure, Fig 5 (b) gives the Vz calculated stress in the mesh 
structure, Fig 5 (c) shows the density map of the green pellets. 
 
           
Fig 5:  (a) Vr calculated in the meshed structure , (b)Vz calculated in the meshed structure , (c) density map, 
Table 1gives the results of the average axial and radial stresses, springbacks, green densities, profile after 
sintering, average shrinkage, and final tolerances in SE/WoN/WoC case. 
Fig 6 shows the profiles of the pellets after springback (a) and shrinkages (b) depending on the process. The 
mesh sensitivity was looked at and the contact was better taken into account. The refining of the mesh was 
optimized to obtain non distorted elements and convergence of the profile calculations in 1800 elements with 
2000 iterations and approximately 10 hours of calculation time. The sensitivity in the calculation step was looked 
at. The calculations converged from 1500 steps of calculations, which corresponds to a calculation for a 3 Pm 
punch displacement increment. These springback results were used to dimension the die opening value to avoid 
any contact in the ejection between the pellet and the die. The main result concerns the difference of shrinkage 
with our shaping process compared to a conventional process without radial open die [12].  
a c b
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In this case there is a double dome and a more sinuous profile contrary to the smooth, conical profile in the 
conventional case. The density map is nevertheless equal in both cases, perhaps because the difference results 
from the ejection process rather than from the compaction.  
Table 1: The results of the average axial and radial stresses, springbacks, green densities, profile after sintering, average 
shrinkage, final tolerances in the SE/WoN/WoC case. 
Output Parameters SE/WoN/WoC 
Average stress at the end of the compression Vr (MPa) 
Vz (MPa) 
123 
340 
Springback Radial (Pm) 80 
 
Green densities 
 
 
External profile of sintered pellets 
 
 
 
 
Average shrinkages 
 
Final tolerances 
Longitudinal (Pm) 
Umin (g.cm-3) 
Umax (g.cm-3) 
' g.cm-3) 
Rmax (mm) 
Rmin (mm) 
'R (Pm) 
Rmoy (mm) 
Hmoy (mm) 
radial (mm) 
Longitudinal (mm) 
Diameter (mm) 
40 
5.78 
6.20 
0.42 
4.225 
4.215 
10 
4.220 
6.674 
0.78 
3.326 
8.440+/-0.020 
 
 
Fig 6: (a) springback of green pellet, (b) shrinkage of sintered pellet 
5.2. Compaction with die profile correction 
Table 2 summarises the results of the simulations obtained after taking the profile corrected in the die into 
account to adjust for the shrinkage induced in the density gradient during the shaping. The different conical die 
corrections were also taken into account.  
a b 
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Only the SE/WoN/WC case is given in Fig 7. The impact of such a technique on the profiles obtained and on 
the possible correction envisaged was clearly brought to light. It enables an action on the smoothing of both 
domes obtained in the single effect process without correction, with however the increase of the main dome on 
the bottom of the pellet. 
Table 2: Results for sintered pellets with profile correction 
Compaction case Correction 
e (Pm) 
h=10mm 
Final 
Diameter (mm) 
Without correction 0 8.44+/-0.020 
SE/WoN/WC-1 10 8.445+/-0.018 
SE/WoN/WC-2 
SE/WoN/WC-3 
SE/WoN/WC-4 
30 
40 
50 
8.458+/-0.040 
8.463+/-0.054 
8.468+/-0.064 
 
 
 
Fig 7: pellet profiles for four correction values (e= 10, 30, 40, 50 Pm, h=10mm) and 1 case without correction 
5.3. Last single or double effect compaction results with correction profile 
Fig 8 (a) shows the profile of the outside radius in single effect mode, after sintering and without correction, as 
well as after three corrections for 40, 50 and 70 Pm in the radius.  
 
The correction in 70 Pm seems too big, and the two other corrections are better suited. The correction of 50 
Pm would give a pellet with an average diameter of 4.1846 +/- 0.0053 mm or an average radius of 8.3693 +/- 
0.0107 mm, which is a tolerance of +/- 10 Pm for the radius. In the case of Fig 8 (b), the outside radius profile 
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shape in the double effect process with and without profile correction is given. The profile correction is 20 Pm in 
the radius, giving a pellet with an average radius of 4.1757 +/- 0.0004 mm or an average diameter of 8.3514 +/- 
0.0016 mm, which is a tolerance of  +/- 1Pm in the diameter.                    
 
               
Fig 8: (a) pellet profiles with or without correction in single effect compaction, (b) pellet profiles 
with or without correction in double effect compaction 
6. Conclusion simulation FEM 
Within the framework of technological developments for fuel fabrication in hot cells, the ceramic powder 
compaction process has been extensively studied and also the systems that comply with the constraints of 
working in such an environment. Among these constraints, one concerns the limitation of the green pellet damage 
during ejection from the die, after the uniaxial compaction stage. This problem can be amplified depending on 
the composition of powders, especially when greater amounts of radionuclides (Pu, Am, Cu, and Np…etc) are 
present. The typical ejection method consists in removing the die by a downward displacement, enabling the 
pellets to be released from the press. However, some mechanical interaction with the press tools is difficult to 
avoid during this stage, due to the springback of the compact. Uncontrolled stress concentration can lead to an 
embrittlement or even to a cracking of the green part. An alternative ejection method consists in removing the die 
radially to prevent the stress concentrations and letting the springback occur naturally. To analyze the stress 
distribution in green parts during ejection, a Finite Element Modelling (FEM) of the powder compaction was 
used with the Cast3M software. This study was based on a previous model developed to deal with the forming of 
PWR fuels. This model enables different forming processes to be compared and optimized.  The powder 
mechanical behaviour is described in continuum mechanics through the Cam-Clay constitutive law. Input 
parameters of the model were extracted from the literature from UO2 uranium powder characterizations. 
Therefore, several experiments on an instrumented press were necessary. Once the modelling of all the stages of 
the uniaxial compression was taken into account, springbacks of green compact and final shapes of sintered 
pellets were studied as a function of some die design parameters. The contact and friction phenomena between 
the powder and tools (punches, die) were taken into account. Coulomb’s model of friction has been considered. 
The calculations did not really take into account a model of sintering, it was preferable to take into account the 
a b
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shrinkage necessary to obtain 95 % of the theoretical density from the density maps obtained after ejection of the 
pellet by a "piloting" of undergone shrinkage by using a law of thermal strain. Calculations of mesh sensibility, in 
step of time and in characteristics of powders were realized. To enable the consolidation of the results, 
comparisons were made with the other calculations for similar applications. This study show the simulation of a 
non-conventional ejection pellet process used to Atalante laboratory and composed by radial open die compare to 
floating die ejection process including friction stress between the pellet and the die. This process minimizes the 
damages in the ejection of the pellet. It is possible to take into account the profile correction in the die in simple 
or double effect with or without needle for reduce the tolerances and avoid the rectification if it necessary. This 
process is difficult to set up because the characteristics of the powder must be constant. It was however possible 
to modify the profile of pellets sintered without being at the moment categorical one the method and without 
taking into account the results of the experiments planned following this study. 
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